Topological insulators (TIs) are promising for achieving dissipationless transport devices due to the robust gapless states inside the insulating bulk gap. However, cur- *
rently realized 2D TIs, quantum spin Hall (QSH) insulators, suffer from ultra-high vacuum and extremely low temperature. Thus, seeking for desirable QSH insulators with high feasibility of experimental preparation and large nontrivial gap is of great importance for wide applications in spintronics. Based on the first-principles calculations, we predict a novel family of two-dimensional (2D) QSH insulators in transition-metal halide MX (M = Zr, Hf; X = Cl, Br, and I) monolayers, especially, which is the first case based on transition-metal Halide-based QSH insulators. MX family has the large nontrivial gaps of 0.12−0.4 eV, comparable with bismuth (111) 
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Theoretically predicted and experimentally observed TIs usually appear in those materials containing elements with strong spin-orbit coupling, including HgTe/CdTe, 4 InAs/GaSb To study the QSH states of MX monolayers, it is very crucial to judge their corresponding topological state of 3D bulk phases stacked via weak interlayer coupling by three free-standing single layers ( Figure 1a ). As shown in Figure S1 , band dispersion along the Γ−Z direction is almost the same, confirming the feature of weak interlayer coupling. Before applying the SOC, the band structure show it is a semimetal ( Figure S1a) ; while, when apply SOC, the energy gap of 10 meV (PBE result) or 0.22 eV (HSE06) is opened up by the SOC splitting of the degenerated Zr-d states ( Figure S1b and Table 1 ). In Figure 1b According to Fu and Kanes method, 38 the parity eigenvalues δ of valence bands are as follows:
The other three indices are determined as (−1) can only be opened up at the Γ point, and the E F still pass through the conduction band in the vicinity of Γ point, also suggesting a semimetal property (see Figure S3e) . We have investigated the Z 2 topological invariant 42, 43 of MX monolayers by evaluating the parity eigenvalues of occupied states at four time-reversal-invariant-momentum(TRIM) points of the BZ, 38 and concluded that all these six cases are nontrivial QSH insulators with Z 2 = 1.
Since the PBE functional is known to usually underestimate the band gap, we have performed additional calculations for MX monolayers using hybrid functional (HSE06) 44, 45 to correct the band gaps ( Figure S3g− Figure S3 and Table 1 ), it may be available to push up the CBM and thus to achieve the topological phase transition from QSH semimetal to QSH insulator.
Since the main component of CBM at M point is from d 
Here, 
Methods
First-principles calculations based on the density functional theory (DFT) are carried out using the Vienna ab initio Simulation Package (VASP). 50 The exchange correlation interaction is treated within the generalized gradient approximation(GGA), 51 which is parametrized by the Perdew, Burke, and Ernzerhof (PBE). The topological character is calculated according to the procedure outlined in Ref. 38 The central quantity here is the parity product δ i = (When the crystal structure has inversion symmetry, δ i is the product of parity eigenvalues of the valence bands at Γ i .) 
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Based on the first-principles calculations, we predict a novel family of two-dimensional (2D) QSH materials in Transition-Metal Halide M X (M = Zr, Hf; X=Cl, Br, and I) monolayers with large nontrivial gaps of 0.12 − 0.4 eV. A novel d-d band inversion is responsible for the 2D QSH effect, distinctive from conventional band inversion between s-p orbitals, or p-p orbitals.
